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ABSTRACT 


A comouter interface to connect hoth the Apolied 
Technoloav Siroorne Comnuter fATAC) and the KIMe=1 
“icronmrocessor to a tiatkins Johnson digitally tuned receiver 
was ‘tesianed and constructed. The existina ATAC comouter 


program was modifiea. 
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Te. INTROCUCTION 


For many decades nan has areameg of the gay when 
machines cculd relieve him of much of his work. In this era 
of comeuters ant advanced technoloav, this aream is now 
pecomina a reality. fonnecting commuters to other machines, 
however, is not just a simmle matter of runnino a wire from 
ore to the other. Tm oracer for the comouter to be ahle to 
FE Use Vis! 9“thinkina abv lity, it must have some way to 
translate its sianals into a form that is recogrized Fy the 
machine it VS. “GOnt ron IVa. This is where the interface 


oecomes ali imoertart., e 


rae 


An interface 18 2 n1ec® of enuipment rlacea in the gata 
path hetween two devices. Its omurcose iS to rearrange, 
translater, or chanae the screed of this cata to meet the 
needs of one or coth devices. Tn otner cases the interface 
is used to convert data from an analoa to digital (A/P) or 
i aigital to analoa (f/4A) form, or both. Interfaces of either 


tvcoe ranne in comolexityv from a few @tearated circuits to 


ee eee 


the use of ricroorocessors. “ost, howeverr fall in cetween. 
‘ This thesis discusses the design ard construction of an 
interface in tnis middle class. Here, the computers are the 
Aoplied Teckhnalogy Ainrnorne Comeuter (ATACL) minicomnuter and 
the CS Technoleaqv Inc.'s 4IM="1 micronmrocessor. Their goal 


16 tO pronram and orocess outruts from a diaitally tunable 
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The two comruter svstems arrive at thejr aqoal by 
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different means. The ATAC uses a closeag itoop with the 
operator (Finure 33) wnile tne KIMe1l excludes the onverator 
while executing its oroaram (Fiaure Ih). Ir the ATAC loon 
the oceratar actively controls all communication hetween the 
comeuter and receiver. In this wav it is possifle to 
aisolay information from the receiver on the viden display 
at any time exceot during a scan (see Chanter V). It also 
Pprovices auicK reference to the data to he sent, the data 
last sent, and latest received dats. This wes invaluable 
durine denuadine. From the terminal tt ts elso oessible to 
adjust available craramerers ag necessary to meet any 
recuirement. 

The KT’ 4=] does not csirectly exchanae diaital woras with 
the receiver, but rather excnanaes dicital data for analoa 
data. Tnis anes not ornvide a feeghack loon that includes 
the ooerator. Onee hequn, the KIM”=! oroaram selects and 
sends aata words to the receiver and oeorocesses tne analoa 
gata received until the oroaram comes to an ena or is halted 
oy tne ooeratcr. Pirect information is not available to 
determine wnen or if ae aiaital word has been sent or 


received correctiv. 


Prohlems encountered durinn the desian and construction 


af tne intertace ana tneir solutions are shown tn Table I. 


In this instance = siaqnal level compatability was not a 
problem pecause the 1/0 from tne receiver, the interface, 


and tne two comouters were all TTL loatic levels and, 


therefore, matcher. Tt is Felieved that these oroblems are 


a tycical list that may be encountered when interfacing. 
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PROBLEM 


1. Noise on the ATAC T/0 


lines. 


2. Different clock rates 
of the comouters and the 
receiver, and different 


data word lenaths. 


3. Timina 


4. Inputtina data to the 


ATAC,. 


5. Switchina hetween the 


ATAC and the KIM=1. 


Table I 


SOLUTION 


1. Use of Schottky circuits 
reduced or eliminated the 


noise. 


2. ATAC; converted parallel 
outputs into serial form. 
KIMe@1; used interrupt lines 
to slave the KIM=1 to tne 


receiver's clock. 


3. Identified receiver 
mneringds ky the “Monitor Cloex 
Outout. This orovideda a puise 


which sianaled stable data. 


4. Oren collector huffers 
were used to sink the required 


current for oroper aata transfer, 


S. Multiolexers and buffers 
were used to switch Fetween 


the two computers. 


Prablems and Solutions 1] 


{a 


TI. THE RECEIVEP 


The Watkins Jonnson WiJe-A8AR ("5J) is an HF receiver 
aesigned for use in the S50 KHz to 39 HH2 hang. Its 
advant3qaes incluae tne ability to detect and outout ooth tne 
AM and Fh IF sianals while simultaneously maintainina a 
separate output of eiaht selectable getection modes. ptions 
availacle tn tre reerator include vgitferent IF banawidths, 
variable <F aain, satelch control, ana a tuneable 8FO 
frequency. The sl ig cgiatirally controlled ana uses a oOuehit 
vord as snown in Fissure e. This worad contains the 
INnformsaticn necessary to transfer the frequency, detection 
mage, TF hkanawithse FF cain, FO trenuenty, ana signal 
strength hoth internally and externally. 

Al) ineuts ans outeuts from tne receiver are contralled 
ov rhe synchronous, remote T/0 hoard. TaAIS bhoara is a aated 
transfer pornt for all disital saata exchanged with the 
receiver, ‘A nuroer of cortrol lines are neecea to nrovide 
the necessary demands on the receiver. Three valanced input 
pairs ana four balarcea outeut line oairs, olus a around are 
provided for this ourocese. All three innouts are required 
for remote oneration. They are address (or enable), 
trieger, and data inceut. The address pair is the most 
important far it serves as the master "“onsoff" switch for 
the remainder of the T/N pairs. The autouts furnish the 
required clocks (formand and monitor), suteut data, ang a 


local/remnte status. 
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The watkins Johnson onmerates on a seauential cycle 


diviacea into four eaual meriods ant six identifiable modes. 
The periods reaulate the dcdifterent onerations while the 
modes ascertain tne ariagin of tne data. tTanle IT shows the 
interaction of the ceriods ang modes of the receiver. Three 
of the six noges are memory read and write functions: these 
cannot ke remotely controlled and, therefore, are of no 
concern hare, Cf the remainina three, two are the remote 
active and remote nassive modes. These allow the 
iAtrosuction of externally aanerated data ang orevent manual 
intervention durina all cut one of the four periods. Manual 
contre! 16 availarle re the remaining rane, local. 

In order to manage tne data word movement correct!ty, the 
receiver utili76es 4 camnor bus or data node arrangement as 
shown im Ficure 3. This simplifies oneration bv forcina al} 
gata words tn cass throuan this node in the same direction, 
reaardiass of their oarigin ar desired destination. The 
multiclexer controls the inout to the data node. Control of 
the multiclexer anc, therefcre, the oriain of the data is 
manaced by the internal mores of the receiver. The 
ohjective of nerina one is to load the receiver reaister. 
lA the Jo¢cal and remote cassive modes, the aata word 1s 
shifted from the front oanrel reaister, through the 
multjiolexer and data noae, into the receiver register. The 
difference hetween thease two modes 15 1M the action of the 
Gace Brae FG “Shite iia. Tne local mone uraates the data 


word from tke front oanel storane reqisters gurina the early 
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Module 


Front Panel 
Shift Register 


Shift 


Receiver 
Register 


Analog Signal = RFGain 


Strength Input Analog Date o Receiver 
from Receiver ‘© Receiver ection 
Figure 3 


Block Diagram of the Digital Section 
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portion of period cne. This action is inhibited aurina the 
remote oassive roce. In the remote active mode the data 
word oriainates from a remote device, is shifted bv the 
commana cloewx thrnuch tne premate I/i roards on to the 
receiver reqister via the nulticlexer and cata node. 

The first part cf the seconn neriond is spent loadina the 
data shifted durina noering one into the receiver storage 
registers. Durina this time the sianal dene is updated 
in the receiver reaister reaardiess of tne mode. The RF 
gain A/N-D/A ecorverter functians accoraine to tne selected 
ma 3e. Tn tne Iacal rane the RF gain hits in tne data word 
are replaced hy L/L canversiorn of the frent canel RF gain 
control knOOe The two remere motes reverse tris action and 
load tne PF gain 3/4 corverter witn this data from the word. 
After this is comceleted, thea wordt is shiftea in all modes 
out of tne receiver reqister, throusan the multiolexer = and 
data node, and irto the front panel recister. If the 
aduress line from the remote device is active hiahs, the data 
word and tne monitor clack are available on their rescective 
outnmut line pairs. 

Periods three ang four iinhidit movement of the data 
word. Pering three undates tne front oanel pushbutton 
lights BND Numeric disrlay, Period four is the anlyv period 
mm which channes 17 FeEeceWiver mode are 3llowed. Durina this 
period changes ‘fran a remote node to locale or from local 
directly to remote passive can onlv be accomolisked bv 


depressina tre aonrrpriate sushhuttan on tne front nanel. A 


PY) 


— 


chanqe from lacal ara remote massive to remote active is 


automatically dane ky the remote T/M hoard whenever both the 
adoress and triager line oairs are active niah durina this 
period. The remote active mode inmeniately reverts to the 
remote eassive mode at tne bheainning of the next period 
four. The total cvcle time of the receiver is 19.24 msec 
(2.50 msec oer period). Tn order to change modes 
successfully, it may be necessary either te hold in the 
oushoutton cr ta hola the triaaer and address lines high for 
up to 7.68% msec (three rericcs). This ensures that the mode 
change denand occurs in nericd four. 

All autouts are availaktle from connectors J1ly ana J6 
throuan J10 Incateu on the hack of the receiver. J! is the 
digital T/M connector. Tre other connectors are all analoa 
autouts. J6 ys a $55 KHz Te istanal of ait least 29 KHz 
bandtwiatn. A" ang F% Aetector monitors are oravided at 
connectors J? and J? rescectively. J? i6 8 nmredetection, 
455 KHz center frequency TF outmut whose hanawidth is set by 
the front canel. A Falanced and unhalanced line audio and 
both uooer and lower sidekand outouts are available from the 
aoprocriate pins at J190. The pnalanced jiine orerates at all 
times. Tne unbalanced line is onerahle unless headphones 
are oluaaed ‘into tne front ranel. Tne lower sideband output 
is active when the receiver is in eitner TSR or LSB 
detection moves, anc the yvorer sideband outout is active 


durine TSA, USS, anc Fei modes. 
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ITI. THE COMPUTERS 


Z 
After studyina tne jinouts ans outruts trom the receiver, 


three choices were availahle for further develoroment of the 
interface. It coule he desianed to oass the clock pulses on 
to the interrupt lines af the comouter and, therefore, match 
the computer's tinina to that of the eeees uae. Orr a buffer 
could ce constructes to inout the gata serially at the clock 
rate of tne comouter and outeut it at tne Ae ee of the 
receiver. The thire ennice, also a hufferina arranacement, 
coula exchange data in marallel to the computer and serially 
to the receiver, 

The chief tactor influencina the cesian decision was the 
availavility and sistributian of comouter contro!) ang T/0 
lines. For the first comeuter, the primary objective was to 
investiaate the feasibility of hotter remotely tuning the 
receiver and acceetina a data word in return. The 
requirements for tne second computer, the “OS Technology 
Inc. Ki¥el, were less strict. Its oviective was to tune 
the receiver diaitallv throuark use of the interface. Tts 


input, however, “AS to come from a A/D converter for 


processinna. 
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A. THE ATAC 


The ATAC was oriainally desianed to provide Ew service 
to aircraft. Quilt to an real-time analvsis of sianalss it 
has very short cycle times, ontional microcode proarammings 
and dour)e@ orecision arithmetic as part of the standard 
package. All this, comhined with its larae instruction set, 
makes the 4TAC a versatile and nowerful tool. Althouah aata 
coula oe transferrec serially hry ornaper oroarammina, the 
ability of tne ATAC to hotn inout ana outout sixteen hits in 
oaralltel on the PTU (earallel yNout/outout ) Tines proved 
Tore advantaneous. Sny nne af the ATAC'Ss sixteen recisters 
can incut or cutout from these lines. Tm orger to Reorerlyv 
transfer this datas the PIU hus must ne auomented by an 
address ocrovitet Fy tne sixteen bits of the "“extencea" 
Arithmetic Resaister (KAP), Another necessary output is one 
that informs the externa] aevice when the ATAC is ready for 
the transfer. On the ATAC this function 1s crovided by the 
inout/Outout Remara (TU) line. keferrira to the timina 
Aaiaaram in Fiaure 4, an inout command ig imitiated oy 
placing an address en the KXK&k Tines ang followina this 
adaoress with a low on the TOD. This sianifys that the ATAC 
reqister is preaty for data. After aporaximately one 
microsecana, the TON is onlaced high and the address is 
removed. vouringn this microsecond the data for the ATAC must 
be starnle. Far an cutout command, the XAP and the PIN lines 


first oresent the adoress and gata for outout. when thev 
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are stabdle, the TOD line 1s set lowe The data is then 
availanle for akout a nicrosecond, as before. The TOM line 
is then olacet hniah ana the adaress and aata are removed 
from their respective lines. 

For onerator interaction a serial ASFIT, kS232 1/0 port 
is also availaole. 4 Datamedia Flite 25u0 television 
terminal 1S conmnected here to mravide tne nperator with the 
necessary control ard croarammina capablity for use of the 
ATAC. ov eprocer croaramminag and use of the XAR lines, it 
was cossiktie to translate eack command for the interface. 
Usina a senmulticlexer on the interface toara, four of the 
five avarlakle YAS agcresses were secaratec into sixteen 
secarate commanns. One of tne pemainina lines and the TON 
line were used as strooes tn identify the receiver and to 
sianify stable Catan sl Gractern. sells. This arrangement 
orovided hotn the adenuate isolation and flexicle operation 


aesireao. 


Se PRE Kih=] 


The KIM|t is at the other ena of the comouter sreectrum 
with resnect to the ATSC. Tt is a micronrocessor aesigned 
around the “OS Technoleav Ire. series M“CS6500 Central 
Processor unit. Complete on a single printed circuit board, 
the KI['<=! is simnonle to onerate ana easy to proaram. While 
rts cycle time is slower than that af the ATAC, it is still 


much faster than the receiver and more than aneouate to meet 


eS 


the reauirements. Since the input data came from converted 
analoc aata sumpelied from the receiver's FM IF output (J9) 
and an external A/v converter, the desian for this omortion 


? : 4 
of the interface was sitoler,. 


le or a more cetailed agaiscussion of the KIMe1, its 
ohjectives, orosrarmss and oneratina orocedures, see Sianal 
Acaquisitian and Gamelina Iisina a “iernaprocessor, by LT. DO. 
kKosenreraer, 
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TVs THE INTERFACE 


The interface was inittallvy gesianed solely for the 
ATAC. 4& means of converting four ATAC words into one 
receiver word was needed firste in ordaer toe test the 
procram, the commuter, and tne receiver together. The 
simelest and cheanest way to acconolish this conversion and 
sti} fully utilize the capabilities of tne ATAC was to 
dbuilo a olehit renister usira eiaht parallelein, serialeout, 
eichtebit shift registers. A enntrol section was also 
necessary ta nronertly handle this data. The ATAC YAR 
adgqresses were  wecaded oy this contrnl section to ornvide 
the lnad cotmands for the renisters ano to. sianal the 
receiver to input the word. 

The next step ir corstruction was also simple in theory. 
Since the computer uses the PTU lines for input as well as 
output, what was needeg was a connection which would not 
interfer with the section already built. The ICs chosen to 
isolate the two sections are called TrieState. These ICs 
have a "no cutout" state in addition to tne normal high and 
low of TIC Crecurtes. They could not, however, sink or 
supolv enough current tro drive the comouter PIC hus. A 
solution was foura bv followina these ICs with open 
collecter fuffers. Not anty aia they orovide the necessary 
amolificatian, they Aid nor 4earade tne isolation 


performance of tne TrisStates. This second section also had 
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a buebit reaister built from the smaller shift registers, 
In tnis caser thouah, thev were serialein, nmaralleleout. In 


order to retove the word from the reaister in sixteen-hit 


sections, the outputs from the shift reaqisters were 
connected to fourstorane multiolexers. These multionlexers 
were Tri-State. jAith the oroner centrol it was nossidle to 


shift the word from the raceiver into this register, and 


transfer it to tne PIO hus in the correct sequence. 


Increased comolexityv in the control section came with 
this imolementation. A retrhad was needed to orevent tne 
comouter from transferring a aorg unreid it Nag been 


completely skhifteac inte tne renister. The meriod two clock 
outmut fron the receiver was used 3S a reference to provide 
a oulse to inform the camouter when shiftina was complete. 
This culse was cositioneq in the same time interval as 
oeriod three of the receiver. The additional benefit of 
identifving oeriod four was ohtained. This meant tnat tne 
outout for tne triacaer line to the receiver coula be shorter 
ana still meet tne reauirement to occur i a portion of 
oeriod four. 

After comoletien of the testing for the ATAC, an 
interface was desianea and constructed for the KIMel. This 
desian was very simole to imolement, since all the necessary 
timing circuits were 3)ready huilt ard tested. The two 


comouters were brant fron jnterferrina with each other by 


mstallation of a manual switch. This switch controls the 


ov —— 


et 


address of a multiolexer that separates the lines in the 
interface camron to ooth computers. The control section was 
wireewranned ratner than niaced on a printed circuit hoard 
to provide areater flexibility, easier maintenance, and to 


reduce cost. 


A. THE CONTROL SECTION 


The heart of tne ainterface is tne control section 
(Ficuras >» and oo). The main ouroose of this section is to 
secoce and route cormands from the Affe ant provide tne 
necessary circuits ta interface with the receiver. It also 
contains tne circuits for the oneratian of tne receiver py 
the Kiet. The rereiver's oautouts are driven hy line 
drivers whith provide comnolementary TTL levels. Tne inputs 
are applied to line receivers whieh accent these 
caomolementary TTL levels. The interface, therefore, had to 
use these same receivers and drivers to oe commatanle with 
thea “atkins Jonnson. 

The SPST Switch Trounted on the front of the interface 
case selects the comcuter caontrallina the receiver. with 
the switch in the ATAC nosition, a hiah is nlaced on oin ! 
of [CeJJ and cins 1 ang 19 of If MM, [CeJJ is now set up to 
transfer the following? the address and data outouts to the 
line drivers on ICelb, tre trianer command to oin ec of Tled, 


and a law in line CCK7. The CLK7 line completes the 
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OTA (11 
OR {21 
DIC (31 
NID (4) 
NSP (5) 
NST fol 
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Age (9) 


(NUMmReRS 


AfAC FTriager Commmand 
Peceiver input word one 
Peceiver inout word two 
Peceiver incout word three 
Receiver jinout word four 
Stoao Monitor Clock 

Start Monitor Clock 

ATAC © Adaress on 
Peceiver outcur words ane 
DPecejver outtut word two 
Peceiver outnut word two 
Receiver oqutnut word three 
Deceiver outout word four 


ead blll far ready sianal 


AJ4C © dAngress of f 

Receiver trinaer 

Kimel Command Cloce 

Contro!’ Line for Kin=1l Commana Clock 
Command Clock for ATAC interface 
ATAU = Receiver Address 

KIMef = Receiver Address 

KIM=1 = Peceiver Address Un 

KyMel = RPeceiyer Address Off 


KI"|=1 Triaacer Command 


in brackets refer ta ATAC KAR commands) 


Table TIt 


Trhrerface Command List 


conmands to [fevy, This IC is a quad JTriestate buffer which 
is used to cortrol tne destination of the command clock. The 
Switch ovens bFuffer one whien airects the commangq clock to 
the ATAC,. Tne CCK7 line closes buffers two and four 
disabling the commard clock innut to the KIMel. 

The ATAC sumnlies the control section with six lines. 
Five of these are the 4A? nits 4,5,78,9, ana 13-6 Usina 4, 5, 
B, ana ? as address lines to oins 20-23 of IC-OD, a foure 
toesixteen gemulticlexer, Sixteen c24) uniaue cammands 
(Table IIi) «sere mace availahie. The sixth line, the 190, 
and “AB 13% were uset as strno=s or enadles for the 
aenulticlexer, Tr this wav ¥48 15 was ahle to ssecify this 
receiver urniauely, and tne TOP ensured that adcresses”9 and 
data were stable refore cassina a command. hen both TON 
and K4r 1% are Tow, [C2990 fs noerationat ard the outout 
corresponding to the address on sins €9°23 18 forced low. 
At any time that eitner or Fotnh the two strane lines are 
higher all outnmuts of IC*SDN gre hela high and no commands are 
generated, reanaruless of the activity on coins 20-3, 

Ar the neainnina of the Receiver Control) crageam 
(Cnaoter IV), the ATAC savas commands to adoress the 
receiver (409) ana tn aven the gate for tne monitor clock 
(OST). APO olaces a low on cin 2 cf ICE, setting the 
tlioetlasc and faorcina the ANMDA line hiah. This line 
activates the receiver's I/M throuah TCs JJ, cA, of, SC, 


and eLL, aS gsescribed shove. Tke UST commana is nassed to 
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pin 7 of TCeE. This sets tnis flip=flon and allows the 
monitor clack (%C) te snift aata from the receiver into the 
storace register during every perion two of the receiver's 
cycle. Tne #C Tine 16 also cannected directly to a timing 
circuit. This circuit ornduces the pulse aescritbed in the 
early oart of this chanter. Eie f1est- of “a “pair cof 
manostable multivibrators, TemY (Fiaqure 5) is trigqaered obdv 
e 
the first clock eulse cf “EC. IF "Y¥ nutcuts a pulse, interval 
A of tiring Jiaoram (Finure 7), which triagers the second. 
The secona's outeut, interval #, is connected to pin 1 of 
IC-1li, a naaativeresae trianeredn, Jek fliineflop. This IC is 


wirea se trat Le 3 Set on the output af tre second 


wo 


multivibratar ana reset ov either the the output of the 
first mnultiviorator or the command TR. The outrmut of this 
fliceflon, oin !5, is caiten the ALP, This line is 
multiolexed with fne least sianificant bit of the output 
register anc inverted ov TCenf far use ov the ATAC on line 
UtL. 

The RLP oculse 16 acdiustable throuah varianle resistors 
(trimmers) one and two. Trimmer one controls interval 8 and 
trimmer two interval 4. Tn effect, trimmer two varies the 
cosition of the oulse and trimmer one its width. The 
placement ana wictn are the kev tn oraner oneration of the 
interface. The culse must ramain in mericod three. Although 
some overlar ints ceriod four is allowable it is not 


aesiraole, and anv overlac into neriagad two could cause 
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incorrect operation. At present, the RLP pulse is 
croorammed tor everv otner certoy tnree. Yieke a)lows the 
receiver to stabilize retween samnles taken by tne computer. 
if more or less time is desirea, the nulse can he set in 
every, every other, or every third mering three hy varyina 
trimmer one, Greater time hetween oulses can be achieved by 
chancina tne .47 uF caracitor (Cint=7,8) to one of =Ilaraqer 
value. 


‘Nhen the ATAC 18 reanv to sent 2 word, it loads the 


incut reaister of the interface using commands OIA, OIB, 


DIC, PID, ano rhen waits for a hian on the 011 line. when 
REE es tows, 1h 1S Nich and the ATAC sends commang TRA, 
Fkeig commana is roywred to a senarate monostable 


multivihrator, fez, by wav of multiolexer TeJJ. The 
timina circuit provises the triccer eculse in period four 
which chances the receiver's mode tn remote activee It also 
s4ts PLP ‘ian ta orevent anv interaction with the ATAC until 
this evele of the receiver is complete, Nurira the 
fallowina period ane, the receiver sends the comnard clock 
to the ineut reaister via ICs oJ. and <4", and inputs the 
data word throuah [C5 ='3 and -tl. “eanwhile, the ATAC is 
waiting for PLF to no taw atain.e When it aoese the ATAC 
closes the “C gate win a DSP command and leads” four 
sixteensoit worgse with commands DOA, UOK, DGC, and DND. 
Once the rereiver wert 15 stored in the ATAC, a DSTA command 
16 sent tn spen the MC nate. nhen the operator has finished 


excution of the Xeceiver Control ornaram and exits, the ATAC 


bie) 


PIF Es 


sends the interface commands ADF ana NSP to turn off the 
adcoress line to the receiver and close the MC aate, The 
interface 16 now hack 17° 4 Standehy status. 

In order to set unm the interface for operation with the 
KIMel, the reser pnutton must ce oushea ana the computer 
switch clacega in the KIMe! rosition. The reset button is 
unique to KTM=1 interface oneratrion, and iS necessary 
pecause of the use sf the KIMel's nonemaskahle interruot. 

e 
This  jnterruct 13 used to svmenronize the KImMael with tne 
receiver's command clock. Pressing the reset outton claces 
2 momentary low an oin §$ of TCenk, the flice*loo that 
controis tne receiver's adaress line from the KiMel, This 
resets the flta=flae ‘and jnsures that tne command clock 
outeut is tisadled until reauired. TCs 2JJ and -<©”M~ now 
transfer data from the KI"=! and not tne ATAC, The CCK7 
line follows tne adaress line from TC KK and gates the 
commanc clocx off ana om at the proner tire. when the KiMel] 
iS reacy to send 3 word to the receiver, it waits for a low 
on the RLP line. This line 16 tonnected to the maskable 
interruot line. This low generates an interruct and places 
the KIMe! in the output orooram. This routine provides a 
trigger oulse fer the trinaer timina cirtutt and outputs the 
data synchronously witn the commang clock. The difference 
petween the ATAC anc KIM=1 actians of the interface is due 
to the cosition cf the Switch. Tne only funetion the 
interface serves is to oravide reliable ara comnatiklie gata 


to the agonrrsnriate sevice, whether aks ce receiver or 
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comouter. 


De INPUT ZOWTPUT REGISTERS 


These two registers are used for the ATLC only. The 
registers were desianated incut or cutput ov their related 
function with the receiver. They were constructed to 
erovide tne necessary, temporary stcoraae while canvertina 
parallel ant serial aata hac«x ara forth. Hoth reaisters are 
connected to tre PTO nus, with the major aifference heina 
the Triestate canrectiors of the serial to oarallel, or 
GOutayt crecister. 

The inrut resister (Ficure 7) was the easier to 
imolement. Tt consists of eisakt 4ebic shift registers with 
oarallel inout and serial outout. Tne carallel input comes 
from the ATAC's FIN bus, which is pnuffered by schottky 
inverters to reduce noise. The lines are connected to the 
ICs in such a way as t9 load words into two adjacent snift 
registers simultaneously. This is oossible hecause the snift 
reaisters will only laten gata in when their rescective load 
line is low. Ev orener connection of the DI4*bDIU Vines to 
Din 1 of the [C8 ard crordinatina tne commands with the 
Data, the outout reaister can ce comoletely and correctiv 
filler, The commana clock fram the receiver is connected to 
pin 1S ef each of the eiaht reaisters. when it is present, 
it clocks the data throuah the reaister exitina through odin 


16 of ICeVV. From herer it anes throuah tne contro) section 
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at TC='M and an to tne receiver. 
The outout reaister (Figure 4G) performs the reverse 
ooeration. Hewever, in order to senarate if into words that 


are short enough tor the ATAC, the data nas to be | 


multicolexea hefore it can he connectea to the PIN tus. The 


Tri-State multiolexers, Ifs -T through -e2L and -U~) through 


-¥, and the reauirec buffers, ICs 2FE throuan -GG, were used 


to orevent interaction with thea PTO Cus when not in use. 


The tiring nere is more critical than tn the tnput register 


system. Fafore the aTAF Kenins a read cycle from the outeut 


renister, the cloc« sianal to the renister is stoncec (DS). 


Thig crevents the 4740 tram reatina nome Ssratrionary data. 


Al) tne TrieStare rultiolexers are audressea hy conrectina 


¥AR Gites 4 and S #6 pins 2 and 4&4 respectively. The commands 


UOASHEv are aNipedq toaerner (“4° %eq ant inverted) and the 


outout connected to all the multiniexers as stroces at eins 


1 and 15. “nen the 4TAC reads a woru, the XAP hits select 


the word and the strohe orcduceaes it curina tre microsecond 


when the PIC hus is availanle. 


PIO Lines 


Figure 9 
Output Register 
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Ve THE PPUOGRAM 


The ATAC erroaram was written in two major sections? a 
system monitor and a control. The monitor is calleaq the 
Main System ana crovides the operator the ahility to orogram 
the ATAC fram the cperator's terminal. Peceiver Control 
commands the interface and, therefore the receiver. Both 
oroarams were jritially written orinr to the construction of 
the interface, So many monifications were mace usina the 
Main System and its sunroutines. After the interface was 
ourlt ard tested anc tne Fereiver Control section modified 
to correctiv cortol the tunina of the receiver, the cemnlete 
proaran was saved an oacer tanoe (Ancendix CC). Uneration of 
the computer $s aiseus3seqd in Apnengi« 8 and a samnle run can 


ce found in Anoendrix F, 


A. THE MOIN *ySTFM 


The Main Systen section consists of a small executive 
and a group of intercennected sunroutines (Fiaure 10). The 
executive orovides a oasis for the subroutines when the 
receiver contro! oroaranm is not neing executed. Tt is tnese 
subroutines that control the  inmut ana output to the 
onerator terminal. The jnout routine is called KEYMR- and 
the outout routine, OTPUT. NUTPUT converts correctliy= 


formatted comeuter words into ASCTI and disnlays them on the 
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Figure |!0 
ATAC Program Block Diagram 
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CORE Cammands 


co 


ve 


pu 


OT 


Cs 


pn 


calls 


CORFE fram KEYMR, 


‘adaress' |= gisnplays 2U memory locations 


oeqinning with ‘adoress'’. 


‘adaress' |= disnlayvs the contents of memory 


location ‘adoress'. 


‘adoress' ‘value' -= kKeplaces tne contents of 


memory at ‘address’ with 
‘value’. 


"address! == 3seainning at ‘address’, the 


contents of memory are reolaced 
with the values tyeed on the 
lines following the command. 
Exit is accomelished by commana 
Nn. 


- Returns erecurion to CORE if in 


CS, otherwise returns to callina 
routine. 


Control Commands 


Calls Seceiver Conteral from tne 
executive, 


Seteun = Routine to input values for 
entry into Feceiver. 

Disnolave set-up control word. 
Discelays last control word sent to 
receiver, 

Diselays last control received from 
receiver, 

Sends seteun control word to receiver. 
Routine to innmut scan variables ana 
exrecute a scan. 

Receive and Dismlay control word 
from the receiver. 

Exit orogram and return to caller. 
Reinitialize oroaram as if entering. 


Tanle IV 
ATAC Proarar Commands 


44 


erty avin 


Ste”; ee 


& 
¢ 
p 
« 


terminal. KEYMP does the reverse, and stores the input in a 
ouffer for use hy the caller. KEY¥R and O'NTPUT were 
oroarammed ta accent and disclav anly unmnmercase letters, 
numeralss and a small numner of needed sympools. But, 
because of the retned emoloved to convert ASCII to machine 
code, it was found that each lower case letter entered from 
the kevboard was autonatically manned into its resnective 
uoper case twin. Tnis relieves tne onerator of the 
responsibility of usina the shrift key. A part of the KEYMR, 
called COPE, is availacte far use ov the acerater to display 
anag/or chanae sections of mnemary. The four availabie 


commards in this routine and their functions are aisolaved 


ia Taole IV. fare must he taker nant te cnanace memory 
locations which are used bry the Main System. This could 
result in comeleate erasure of tne ATAC'S nemorve. Withaut 


KEYMR, QUTPUT, and COPE, or routines similiar to them, it 
woula nave heen extremely gifficult to oerfarm anv amount of 
teubleshoctina or xnosification of the Peceiver Contro! 


section. 


G. RFCEIVER CONTROL 


This section of the svstem is a branch of the erecutive. 
Its main abjective is ta cortrel both outmuts ana inputs) of 


the interface from tne ooersator's terminal. To assist those 


ooerators with IJittle eaxnerience in this system, the 
keceiver Control section 46 eauinnmned with uncomplicated 
NS 
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instructions and orsaram safeaquards. This produces almost 
fooloroet oreratior out, if ares so at the expense of 
orooram simolicitv. MPiscussion of this section is separated 
into two carts. First a broad descriotion of the comolete 
section is discussed, followed by a acetailed look at the two 
suoroutines which interact witn the interface. 

vihen the Peceiver Control ocroaram is entered, it 
performs five imoortant actions. It initializes all 


necessary f!390s? anacles the receiver ana oeenrs the YC aate? 
sends and receives 4 comrlete receiver word, ana aisnlays 
the instruction set te the aqperatar. After this, it calls 
on KEYYR and waits for a command. when an input is 
aelivered, tne ernoram crecks its leaalitv. If it is not 4a 
valia commana, KEYYR js Called again. 

4 valid camrmara is a numeral rnetweer zere ang eitant 
(Table iV). These can he senarated for discussion into 
three aroucs. The cisplayv arouo (0-3) inouts ana exchanaes 
information with the orerator. The receiver arauo (4-6) 
performs snerations with the receiver. The tinal arouo of 
commanas (728) are uses tao exit or reinitialize the pronaram,. 
Group one nas one incut and three disrlay commands. Command 
zero instructs the aperator to incut the oarameters dasiread. 
It stores these parameters in memory in the disclavy format, 
as oncosed to cortrol word fermat. Commands oner twos and 
three all Jdisolay carameters. Cne oisrclays the last 


oararmeters seteruc fv Cammand zero. Two Oisolavs the last 


parameters sert to the receiver. Three aisolavs the =Ilast 
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word received from the receiver. Commands seven and eiant 


make uo arouo three. Seven exits the proaram entirely ann 
returns to the erecutive after cisablinrna the receiver. 
Eights, cn the other hards returns the orcaram to its 
beatnnira as if it had just ceen entered. 

The remaining three commanacs are the most iimportant. 
Group two Ccommanas contro) tne actions of the interface. 
Conmana four canverts the rmaraneters seteup ov command zero 
Into cantral word format. It tnen calls the [/90 suvroutine 
aescrinea celowsr ancn outcuts and innuts a receiver word. Ta 
merely receive 3 word from the receivers, cammangd Six 1s 
used. The oroearam calls the tnecut subroutine below and then 
exifs to commany taree to atselay the carameters received. 
Commana five scans a hand of frenuencies selectec hy tne 
oeerator in searcrk of a srecifijied sianal strennth. 4il 
other parareters remain the sare as those setrur by command 
zero. 

wAyth the excertion of the instructions executed when 
entering ana exitina Seceiver Control, complete control of 
the interface and the receiver ts resigent in aporoximately 
forty comeuter instructions. These forty are grouoed into 
the two sucroutines AJR and wJS. wWJS sends words to the 
receiver ang JR receives them. WJS loaas the information 
and addresses ton he sent to the receiver into the comouter 
registers. The adaureeses are then matched to a word of aata 
ana sent to the interface innut register. The routine now 


waifs for tke arcrapriate sianal aenerated ty RLP. when 


a7 


this is receiver, a trinaer commana is sent to load the word 
into the receiver. ft tris point the routine checks the 
value of a counter. Tnis test is to prevent the comnuter 
entering an infinite Inon if etther the interface or 
receiver is not turred on. If tne test is unsatisfactory, 


I 
j the routine orints; 


F INE TSITE tuoP 
i PLEASE CHECK BEFCET VFR AND INTFEREACE 


? and reverts to ‘ccerator cantral. I ¢ tne test is 
Satisfactory, the sttorautine automatically continues to wR. 
vide Yoaqs another set of adaresses inte the commuter 
redisters. Hore, a srere WATE for the RLP sianal is 


necessary cefere ary actian is taken. Tne “C gate 1s closed 


x 
. immediately upon receint of this sianal. Tne receiver word 
is then loacted into the 4T4F hy outouttina the address. on 
the xXAP Jines ana readina the data on the PTO lines. When 
i the cemrolete word is received, the “C cate is opened. At 
: this point it its necessary to test for command six. This 
‘ , 
¥ test aqeterrines wrether the comouter 1S sendina and 
P receiving or- anly receiving. if tne execution of booth WJS 
t « 
and AJdR 16 heina oerformed, a commarison hetween the word 
+ : 
en sent anc the word received is necessary. This comparison is 
: skiened if tne comouter is only executina wIk (command six), i 
; 
é The first three contro’ words sent by WJS and received bv i 
in ‘ : : : 
‘ HJ are uses for this caommarison, when it is ocertormed. If : 
de | 
t 
—_— * i 
t us ij 
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ary worcs differs, the computer returns to WJS to repeat the 
cycle until ore of two conditions are met? either the words 
matcn or the ¥WJS counter test discussed earlier fails. If 
the woras ‘natcrs “MJP cortinues on to convert the received 
control words inte the disnlay format and then returns to 


the caller. 
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VT. PECOMMFNDATIONS 


The svstem 35 it stands now 18 nut a voeginning. 
Adgitions and modifications for future work should include; 
A/D converters for the receiver outputss “orse and/or 
teletype decoders? and an exoansion of the computer croaram. 
Imclermertation of either of the first two implies the third. 
There are some orerator assistance orogram modifications 
that neea to he made. The two that come immediately to mind 
are 1) a methods to adort the scan routine from tne 
orerator's conscie, ans (2) the ability ta chance inaividual 
oaramerers in addition to the seteun command alreaav located 
in tne ornaran. Sinition of tne A/D converters imolies a 
oroorar increase to decoce and process this mew data. 


Switchina roudtinres and orabatly some haraware will he needed 


COPA sullen RTE AS Ri 2 


for the decouers. The canabtilities of the svstem are 
limited only Fy the ahilities of the onerator and 


procrammer. 
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VIL. CONCLUSION 


&s lona as the fomonuter reauires only that data obtained 
from the receiver's word, the interface is flexible enough 
te ewrovide relianle results. Ar this time there are no 
known “buas" in either the interface or the proaqram. Both 
have beer thoroughly tested to provide the operator with the 
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Turr on front panel cower then turn on mower sueplies. 


Power Down 


"Hale’ 
‘aster Clear' 


Power off ta suceliesr, oower off to control 
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"FNTES' (associated with VAP) 

"TINC' Cinerement ) 

"DEC' (decrement ) 

Adgress 16 cGisolaved atave “AS kev, aata is disolayed in 
rea LEDS ananve VEMURY key. 

Use INC or PEC as necessary to arrive at memory location 
desired. 


e into Vemory (from front canel) 

‘Rol T! 

Set adaress desired as descrihed in Kead Memory. 

Set desired data into keyhoard 

"ENTES' (associated with YVEMOPY) 

value in «evoeard will Fe enterec into either Memory 
(MEYMOFY) or & comouter Fesister (FILE). 
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APPENDIx C 


ATAC PEQGRAY ASSF“BLY 


Assembly of 2 ocroaram jis divided into five parts; 
writinge oroducina absolute deck on IRM 360, conversion of 
atsolute ctecKx into ATAC format, erunching oaorer tape, and 


loading aATAC. 
A. Nritine the orodcrar. 


Proarars far tne ATSC must re written in the assemodlyv 
jannuane descriket in ATAC manuals Volures One, and Eight. 
Ine finished ernarar must be elaced om caras for tne TR 360 


in tne follawina format: 


LAREL CPFRATTON VARIABLE COMMENT 


RLANKS 


5B. Producina an ahbseclute deck 


The first steno is tn load the assembler on to the IM 
360 from maqneti¢c tare. This 18 dore by executina scroaram A 
in Apnerndix Ee This transfers the oroaram from tape to disk 


and saves it for one vear. Unce the assenoler is stored the 
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following cards olacec in the front of @ eroaram written 
following the  i9structians in I aoove will Produce an 


absolute deck and a printeout of the oroaram. 


Z/ATACASS™ JGR (0729,9194,0957),'CCH ATAC ASSEM,',TIME=1 


//ASSEW EXFC PGv=APSS,FEGRTON=2200K 
//STEPLI€ OD USN=ESN729.ATAC LONF ,UNTT=3359, 
// VGLESERF=SNTSKO2,DTSP=SKR 
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AfFETLOFOOT Hd UNIT TSSy¥Sud,SP4CFsS(CYL,(7,27)), 
ay ACRS(EECEMOVRS,BPIKSITZES420d,LekECL=4e) 
/FT2QFO01 OD UNETESYSDL, SPACES COYLE stl ee), 
// NCR=(RECFMSVRS,AaLKSIZE=C004,LPECt =509) 
S/3ZYSPRTNT NO SYSGUT=A 
ZISYSTN [D * 
$J08 
SASSEM 
EOeE ATAC 


(elace written ornqram here.) 


END 
SBASE 
SL GAD p 
SEND 


The absolute deck is in the forms 


9509169¢00909 adbe 31 0%be 94 3109C FE 710969967109 G8H 603 09bbd932/ 
7e19190009¢C015a 
OSILDLEGSF49EO1LO9UF Fed ONUR aee1 O1DaVeedNNGA3Ne10109F 7TEADNDTae/ 
47¢2€19790599201258 


whien must he translate for the STAC, The memory location 


of the first wore is Incated in the first four columns. 
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Columns five and six contain tne numper of word fields on 
the card. The assembled oroaram is located in columns 


7 - 70. Tne remainina two columns are oarity. 


C. Conversion 


The arsclute deck received from the I8"% 360 is loaded 
into the Por-1l1., After the rata from tne cards is checked, 
the conversion oroaram (fcaonvert ‘filename’ 'filename') 


can 


ce executed. (Proaram FC in Anrvendix F) 


D. Punching Faper Tane 


This cnae must ther ce transferred to the PPPH11 (A) 
E where a caper tape can he punched. Heres, the command to 


punch a tape is? 


cat ‘filename’ >/dev/oto 


E E. Loadina tne ATAC 
> In order to Inad a tance the RS222 connector must be 
“s 


connected to the Paper Tane reader and the reader set to 
12090 haug. The tape is Inaded hy followina the instructions 


a in Apeendix 8B. 


AY 


5 er Res 


P ae ~~ NS + ~~ 
e . P ‘ ete KH oh & * Won ; ma . 

+ = : — 4 " Ps — _ " “ 

— - A AR RT Pld I ND y s , — : - 


we 


‘ye : 


wg 


7 


- 


eae ears 


APPENDIX OD 


SAMPLE ATAL GUTPHT 


Onoerator inruts are underlined. 


Qoerator NYisnlav 


EXEC 
+JOKOK IF Jj jnmun 
JOKOK JF JJ INNUR 


EXEC 
+09 


CARE 
+CH YFON 9990 
OFUO uaum 


CORE 
+O vF OO 
vFYO 9999 


CORE 
+CS voFOO 
+9256 


+0123 
+4567 


+0 
QF OO 0256 
OF O1 0123 
OFO02 4567 


CORE 
+9 


+ NJ 

USSET<uUP 

L=NTSPLAY TENTATIVE 
2=DTSPLAY CANTROL 
Z=DTSPLAY RECEIVED 
JEENTFER TENTATIVE 
5=SCAM 


xComments 


tFxeecutive echos 
kentries other than 
xkcommands 


xFntry 


into CORFE 


aLocation UFUN 
tenanaed to 0909 


zkLocations 


OFON to VF03 


xchanaed 


kcompletion of chanae 


eFxit from CORE 
*FEntrv into Receiver 
xControl 
465 
x» 


ee Fa © 


o=RECEIVE CONTROL 
7SVDONF 
BSREINITIALIZE 


RECEIVER CONTROL 
+0 


FREN (HZ) 


41240000 
DETEET “UNE 
DaAM 

1=F" 

2=3F) FIXED 
ZaHFO VAR TASLF 


MONE 
aoc 


RF GATN 
(PERCENTAGE) 


+28 


RFCELVER CONTSUL 

+1 

FREQ = 1240040 HZ 
GAIN “OME = HOLD 46C 
IF @arpOwINT4 = A Ki47 
DETECT “ONE = aM 

aFU FREQ = 455090 H7 
RE GAIN = 68% 


RECEIVER CONT?OI 
*s 


FREQ = 559000 H7 

GAIN MODE = wORMAL AGC 

LF BANDWIDTH = 8 KHZ 
DETECT MORE = At 

BFO FREQUENCY = 455000 HZ 
KF GATN = 85% 


RECEIVER CONTROL 

+3 

FREQ = 550000 H7 

GAN 4AQDE = “GORMAL AGC 

IF RANDWINTH = & KH7 
DETFCT “AME = AM 

KHFO FREGUFNCY = 455000 #2 
RF GAIN = AS% 

SIGNAL STPENGTH = 046% 


va 


RECEIVER CONTPOL 
+4 


RECEIVER COMNTeO 
45 

r SEAN 
START FRE Tia 7 


+1900000 
ENO FREQ TN H7 


; +1008000 
FREQ INCREMENT TN HZ 


SIGNAL STRENGTH % 


FREQ = 1091900 

GAIN MONE = HALD AGC 

TF RANDWIATH = & KH7 
DETECT “ONE = av 

BFO FREQUENCY = 455000 HZ 
RF GATN = BR% 

SIGNAL ST9ENGTH = 72% 


ie a ba hn 


RECETVE® CONTPOL. 


b° +2 eFxit from 

BS EYEC xReceiver Control 
‘ ' 

: 

” 

é 67 

© 


5 
i 
t. 
¢ 
, 
p 
© 


APPENDIX E 
CONVERSIC\N PRGGRAMS FOR THE ASSEMBLER 


A. This oroaram is run on the 154-360 to transfer the ATAC 
assembler from tape ATT=#9046 to Disk and stores it there for 
one vear. 

#7 (GREEM JOR CARD] 


J/3YSPRTIT AD SYSCUTSA 
//SYSUTI QD UNITSSYSDA,SPACFECTPA, (40),,CONTIG) 


J/D4} Po UMIT=S2P314,D08SN=S977P9 ATAC LONE, 

4/ SPACF=E(TPK,(50,19,10),-,/CONTIG), 

// NTSe=(New,KEFPY,VOLSESEPSSPNHOL § 

//TITAPE DD UNIT=E62400, ,DFFFER),PISP=(Ncw,PASS), 

// PAPFELEHI3,SL,,1"), 

fA DUSSCDFN=2,KI KST7E=89y,LPECLEX0,SECFM=FE), 
Ash VOLSSER=SATINOG 

S/F SYSTi8 a Di * 


COPY POSSATI.ZAPSS.LOADLIR, TO=2314=SP00L3, 
FROVPOSTITAPE,FRNs=240N0=(ATINIG, 3), 
PENAME=SS972°9 ATAC.ONE 


/* 
//BUILD FxEC PGM=lIEal,SEGIGN=150K, 
4/ PARMS'OYLY,XPEF,LET,LIST,SIZE=(256K,20480)' 


S7SYSPRINT S86 SYSCUT=SA 

J/LTBRARY OM NSN=ESV72A9ATAC LONE, UNIT=2314,VOLESER=SPOOLSE, 
pays NISP=SHR 

/J/SYSLIB DD OSNAMESSYS1SFORTLIS,DISP=SHR 

J/SYSL¥OD BN NSNAMESSN729 ,ATAC OWE, 


LA NNTTE3S339N,VULSSEP=ENTSKN2, 

// NISP=(NE1,KEFP),LARELS2ETPD=%60, 

// SPACE=(CYL, (S,1,2) -/RLSE) 

J/S5YSUT1 DD UNITSSYSDA,SPACES(TRK,(19,19),,CUNTIG), 
(ats SEP=SSYSLYOD 


J/3YSLIN DU x 

TNCLUDE LIRSRARY(OMNDL ) 

CHANGE MSIMCTHESAPEP ) 

INCLUDE LERRERYCAPSSMG") 

INCLUDE LIPRARY(“STM4,ASEYS,SIMISA,SIMTRI,SIMIOIL,GIIL) 
IWCLUDF L[RRARY(X¥FLYON) 

OVERLAY Al 

TNSERFT “SIMUL, #4SIMULA, THEN TSY, THESAS 

TNSERPT “TUT, ITN, OUT 

THSERT TYENRB", THE XKTD 


5a 


ee on Ore 


hk 
¢ 
be 
p 
‘ 


INSERT JTHERS™, THECS# 

INSERT THERSK, IHF ICK, THETOP, THEDTD, [HEQOR 

INSERT IHYERIR, THEOCA, TRETOB 

INSERT IHETOA, THFEOCL 

INSERT ITHESS9, IHESSF 

INSERT IHEJKS 

IWwSEPT LHEPSN, THEOST,IHERST 

TNSERT THEVPF,THFDYA,THEVFS 

TNSERT IHEDNC,ITHEVFD,IHEVF A, THEVPD, THEVPR,  THFYVSC 
INSERT IHEVSD, TRE VFE,IHEDCN, IHEUPS 

INSERT [THEVFC, THE VEE, THEYPG, THE VO8, THEVGC 

INSERT THEASN, THEIOD, THETOF,THEPRT, THEVQA, THF SPRT 
INSERT THEREG,THEERR, IHEST7 

INSERT MISFIT 

OVERLAY Al 

TNSERT ASSF™,REGINE,PEW72,0SKOUT,CAROIN, OISKIN,ERPRT,PRIADD 
THSERT wRDATA,PRTCA4,POTMOR,*RTITEX,REFTIT,PREF,ERPTTT 
QVEHLAY Al 

TNSERT PARMRA,ORESTS 

AVERLAY Al 

INSERT SMLIR,NRMTEM, STOETSH, TOAGE 

TUSEPT RPACPD,ABNEYT, AR THER, TEACE,HGQAY, HERAT, HGR AMS 
INSERT EQIMIT- ACTIVE, SIMI Iv 

PiSEPT DEVPTA, ACT,» TIME, INT, RAND, DEADT ,DESUG 
NYERLAY 42 

THSERT LEVEL, OMATUT,O¥ATONA,DMATUN,RININ 

INSERT REMACT,OMA,DVMATM,PTO,RLOTY,RIOINT, INTOLY,DMAINT 
INSERT DTRAN,PITACT,PANDNM 

OVERLAY Al 

TUSERT HEPRNT 

AVERLAY Al 

INSERT LOANES 

OVERLAY Al 

TNSERT LTUK,FNTCYT,SLLHY 

OVERLAY Al 

INSERT PLATAC,TOPACK 

OVERLAY SORJECT(8cGION) 

INSERT ORJECT,-TwIT-LIB,RCALPH,RCHEX,RPCINT 

INSERT MDATE 

OVERLAY SNUMECSEGION) 

INSERT SMOUMP,PAGE 

ENTRY MATIN 


ener 


NAME APSS 

J 

// FXEC PGMSTESBCOPY 

J/SYSPRTNT PD SYSCUTSA 

J/SYSUTI ND VISP=SSHP,NNTT=2%14,VOL=ESERP=SPNOL 3, 

// NS"sSu0729 ATAC.ONE 

J/SYSUT2!?) OD DISP=SINFAw, PASS) -UMITHE3S3U-VOLESERSDISK02, 
4/ DSNSSN729 ,ATAC. THAN, 
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4/ SPACEH(13059,f01,0-14),9LSE), 
// NCR=ECRECFEMSU,3LKSI7ZE=13039), 
Jf *7LAGFLERE 1PDS360 


AASYSUTS ine) UNITTHSSYSUVA,SPACF=(TPK,(20,5)) 
//SYSUT4 D6 UNTT=SSYSU4,SPACFS(TRK, (20,5) ) 
//SYSIN ip) x 


CUPY OQUTRO=HSYSUTP,TINDDESYSUTI 


This oragcram converts the [8-360 absolute deck 


correct format for tne ATAC, 


main (Carat, *xarav) 


int arte? 
char *arav (13 
{reatster ecratr, index, jndex? 
int stechr? 
int tmory (751; 
struct huffr 
{int fides? 
19t nteft?e 
char *nexto; 
char *ouffs (Sl2t; 
} hufin, bCufot, *ontel, *tontres 
stchr = 0°03 
if (arac != 3) 
forintf ("Callina arauments are incorrect")? 
exit (0); 
} 
oufin.fldes = onen (arav [1], I);3 
if Cbufinwefldaes < 0) 
{printf ("Carnot omer %s#", arav [1] 13 
exit (0);7 
} 
ontrl = &nufin.fldes; 
bufot.fldes = creat (arav (2), 0777);3. 
if (onufot.fldes < uv) 
forintf ("Cannot oren %s#", arav (27))3 
exit (0)3 
} 
pntrc = &hufot.fldes; 
cute Cstchr, ante)? 
while (cretr >= ) SR index <= 7?) 
tnmory lintery++] = (eretr = aete (onterl)); 
index =- 3; 
jndex = 0; 
while (Cjndex < 4 && jndex < index) 


70 


into 


~- 


pute (tmory (jndext+), ontr?); 
jocex = jndex + 23 
while (Cercetr. >= 0) 
{while (jndex < index) 
{jf ftmory [Ljndex] == 's!') 
jodex+t; 
else 
pute (tmory ([jindext+t], ontre); 
} 
index = OF 
while (Cereaetr >= U &E index <= 72) 
trory lindex++] = teretr = aete (Centri)); 
index == 3; 
jrnaex = of 
} 
pute (stchr, ontre)? 
fflush (Contre); 
close (hufin.flaes)? 
close (nufaot.flees)? 


The fallowterag croaran executes the oroaram above 


converts tne outnout into the correct ccde. 


atac $1 #2 — 

if ! er $2 exit 

mv $2 temned 

tr "(Ox)" "FUd0e)" <temn2d >temp! 
tr "Ute?" "fOOL*T" <temnol >temp? 
tr "Lee)" "TO%2#)" <terod >tempt 
tr “"C3er" "CU4se)" <temol >temn? 
tr “({GaT™ "(UOGe]" <temned >templ 
tr "(SaT" "FO4S*e)" <temol >temo2 
tr "L6«e1" "fO46kI" <temn2 >temot 
tr "(7*eI" “TOO7*)" <temol >temce2 
tr "(Re "futue)" <temp2 >temol 
tr “(9xd" "FOST#)" <temol >temne2 
tr "farkl" "TUS2e)" <temne >temol 
tr "lbrl”" "FOt3el" <temnl >temoe 
te "Cord" "“fOS4e)" <temn2 >tann] 
te "Lael" "TO1Se]"” <temol >temo2 
tr “fort” "“FUlS#)" <temoed >temol 
tr "[eey" "(OS7+)" <temol >e2 

rm temol termo? 


1% 


ree ane Seem 


—. 


nerve tS 


PAL Ee 


APPENDIX F 


ATAC PROGRAM 


The following proorams are listings of the Main Svstem 
ana Receiver Control proarams for the ATAC. The assembly 
language is to the riaht of the absolute listing of tne 


first three columns. 


Te 


{ 


l 


ERKEEEEEERGEREREE 


CREA CREE EE ER EEE EEE EERE EOE TE TEER EOE SN EEE TEES ES OR EEE E EE 
* UWAAW HONOUHL 


* 
* oa Xa 


EERE REE EEE AREAS EE EE RES EEE SEER EEE EEE EE ES EE EE ESEEEEER ESE 


Cr 


> 
oa 
i) 
9 
= 


nS aLAd YahOT NOILISOd 6°Ta7148 Sus 
€S JLAG BaddN YvVaID 8°I4a°TT SHS 
eS udddnd NI Guom LXdN LI9 aNOd Od Va 14d ?%xa uat 
4S ALAd Wadd NOILISOd 8 oa74l sus 
0S ONIMOOT daddy ‘dovdS di ,xa’0a =1Dua 
6h AQVdS HLIIM AYVAWOD 0zO'Na’st dao 
Bh SH3HL LON AI INO Lad Dgxa%dN = TDUa 
in ZNNOD GuOR LNaWaYOAG -,24a;SI aay 
9h yadana WONA GUOS Lad za‘agya *na‘*xg uat 
Gh UALNIOd UIIANG INAWTYONT ,,¢.0gva fst aay x4 
ft u4d4dN@ NI SGNOM JO LNNOD Lad 2a°dQva ,Da4Xu | AT 
eh LNVLSNOD df Las ,0°24°ST = HaT 
ee LNYLSHOD df Las 1’aNn0a‘’ST dt 
4 ; 
on LSa0ay dO SUALLIT OAL LSYIA LAD * 
BE SuaLSIodd ‘11V FAVS 9L’soaya’O%d §=WHLS 
Le ISanOTd WWVOUd 14a9 Qwkay dga%r = Tv 
OE ATLIL LNdino LNdyno'o*t 1¥a 
of ssauqqv aTLIL La9 alLI La *dava’a aati 2aXxa 
€€ seeeeeese * 
ze AAILNaXxa * 
a3 eeeeetees ° 
Of z 
62 s 
is 
92 ugaana ur Sauos 40 LNNOD l nda ey 
SZ 1SanOId_ JO ALAG Ydddn 9 noa na 
nz ANILNOU daig3noay Jo ssauaay G¢ nggz avoxa 
ge LSANdad JO ALAG YANOT fi nga 14 
Zz aNO INVISNOD € noa aNnog 
4 OUdZ INWTLSNOD Zz nog 2a 
0¢ Ydaind LNANT ao SSauaav t nog aava 
al OEE py pes aah pa 
ct Sagivn0a HSITE¥LSa 
Gt 
til 
€b 
Zt 
tL 
ot 
6 
8 
£ 
9 
S 
£ 
(2 
L 


WOANGUVD aOWWI auvo 
avd LL/LZ/€0 6h27Z72Gt tawil 


gore 
00to 


COFt er ere 


FIOOMCOUNVEVHaAE 
SO 0 Ge Ge 
oocooocoeocoeoeocose 


MARK omooNorss 
Orr emuooorert 
So eateseaaaue 
oooo 


SONOCNMEN EAMG 


acewc 
smn 
eNee 
oooo 
Soo 
oootm 
NAaaU 
fag 18 ION 
onze 
oooo 
tall od eh ened 
oosoo 
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0000 


aaqoo i garao 201 
OWI 


iasiitheehiiiamaeeementemuenal me & 


Sh neshedhenhenkemtanl 


Ll NOPONOSENMPNOPOMNOKNM FN OM DASKNM IN OF DROKNMIN OP ONOCEAIM IM Or 
MDD OOO OOOCOOOQDOER EEE ERE CODDODDODOAMAAAAAAANANSC OCOOSCSSS 


> 
= 
a 
a 
< 
i) 


SHYaLSISSH YOd VANW FANS 


CA OL OD 

NIVOV AUL OD 

41/4) LNdLno 

ugdddnd@ d1/u) 40 SSauaav Lad 
yaddnd LNdNY OND 

S8gLS19a9u TWOLSS? 


LSanOdId YANLONY HOA VAUW HOLVd 


& TTWD 09 
Ch YOd LSANOAN JI das 


GNVWWHOD 4O SALAG OAL LS¥Id ANTAWOD 


LL/LZ/£0 6b°ZZ2SGb FaWIL 


WWUS0Ud TOULNOD WaAAIZIAN TIVS 


soaXxa’0’a 
LSandgu GIIVANI - LIXF OWDA * 


a1TLiga 


ITYOXE 
soaxd 
O24 


VIVG 
ees 


eevee eee 


LSGNOad YAHLONY BOA WAY HOLVd * 


wxa 


aDvWI aavo 


= cOmomeo 
oooonsso 
oacomnmea 
oooosrsco 


oscscoeoer 
ocoooces 
oooocoe 
Sooooeoeou 


om 
oo 
ae 
wy 


Loa4oo 
AMIMNS 
eNeNe 
2oocoo 
oCoeor 
xwZoSooCo 
yvoroae 
Qemwy 


wn oocoo 
z oo 9o9oSSo 


zee ososo 
ay oooo 


wo 
< 


ago) Lo3rao 


8 <2nvaMne 

sos 57570 
- Serres 
> coocesco 


ivory s 
eT Dela laalaalaal 
| dieu aula aaa 
ooscoosoo 


ONZOD 
ANANNN 
ree 
Sseocoo 


= O< YOnm 
- ee Sere 
- -- errr 
o soo ooco 


901 
OW IV 
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LZ DHNOSENMFNANCSHOHOSNMSNOEGHOSENMIN SPODHOENNTNOPOHOKNMINSGHODS 
SCOR KK ENANNANNANAANANMMMMMAMMMMSs STIS IS TSIM NNN HS 
EL EE EE 


03/21/77 


ENTRY 


22:49 
OR 
Okkp 
ERED) 


SHEHEHHEHEHEEHEHE HHH ESE 


15 
CUR 
(cere 


N 
HARACTERS ENT 


I 
ER HOLDING KEYBOARD 


COUNTER FOR NEXT INPUT 


FROM KEYBOARD 


TIME: 
OSITION USED IN 


ETWEEN 
3RAMS 
R 


B 

ARE USED BY AT LEAST TWO PROC 
T 

E 

E 


NING THE KEYBOARD 


ION 


iz) ao = 2 
TF od al sal ht A etd el 
SecexH> Ca>a5>— 
BORN KDSROmOe 
QozOoze<zDzSoz< 
SSC OHOM > 


SESMERKKEKEEEAEEEE SECEDE 


RETURN REGISTER 


I,0,KEYUR 


eeeEE 


a 
c 
< 
“ 
=z 
-_ 
a 
= 
S 
fue 
— 
wy 
“ 
= 
oe 
= 
< 
& 
< 
= 
Leal 
n 
a] 
& 
< 
= 
o 
i] 
2 
o 


CARD IMAGE 
S OR THAT 
PEEREREEEE EERE SES EREEE EERE EOE EEE EERSTE EERE EEE ERE OE ER EEE 
BAL 
S CALLED 


KEYMR 


* 
* 
* 
* 
+ 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 


n 
ol 
& 
< 
> 
oa 
=) 
x 
~ 

& 

“n 
> 

n 


ROUTINE TO READ DATA FROM THE KEYBOARD 


CALLING PROCEDURE 
Shh d bah dad dade deeded ded 
ESTABLISH EQUATES 


SOO 0444S444 


& 
e vo = eeS>ze 
3 a & OHON> 
eee ee se eee eee eee meee me ee eee eee He ee ee 8 oe OM OR OMe ene ke acac oS 


OBJECT CODE 


£'Z REeSKEREEOCOES * 
aya GanIVLdO WIVG ° 
bts oeeeeeeeeeees * 
602 YWW9TD OL ONTAYL dday 4Oa y fe) 1: | tLt0 ZOLD LLLO 
802 2 INAaSdud TITLS Viva ooozs) ji 1dWD 0002 8046 SLO 
L0Z2 SQINLIS La9 Vary N1g 8¥58 hLtoO 
902 auvoaha, Llasau na yy ino 4660 +=ELLO 
oa aod. Lasay 0008040 udt SUWy 0008 LOtd ULtO 
£02 LIva ‘VL¥G ON ,VeWN* gn TOU 2910 SOLD 4910 
702 2 LNagsadd WLVd 0000 “VdVay TdWD 000h a0a6 910 
$0g ViIVd Lao NIN VIVON NIY Hund gave  39L0 
6ot aquvogdsay Lasay rngy’ = Low 1466a a9l0 
eet ago. Lasdu 00080 “4Ox HaT euww 0008 4Ota 6910 
964 SAEREEEECKEERKEES EEOC EE * 
Sét GuvOssaIy HOYT VIVO Lad ° 
eet SKEETER EEE SEE EEEE RE 3 
6 
z6l 0 LS YFINNOD dI_NIVOVW Od guWee gL 194908 $940 L0td 4910 
l6t YaALNNOD LNANANOAG ; t- IAMST aqv @id9 9910 
O6L 4qd0) YNVId AYOLS LAM*ZAM“EAM? XU uas zany qdat S90 
68L aDVdS YOd 3AGOD 0Z20’¢ AN’ SI adi GoZh n9LO 
8s8L ssaudqv ugaing L149 andy Cay’ a adT 2107 €910 
gat HLONAT Uaadhd OL YaALNNOD Las OB LAN’ST adT 4 €oSh Z9t0 
Set REREEREEE EEE EESE SESE EERE SEREEEEE SERRE ° ° 
het SAOVdS TI¥ OL AFAANG AUINA GUuYossAaAY Las * ~ 
sur a ladle ladladiadladinsta acta deite dadlednndadindiniindiachchdledach dncdodachshdindndadndn 
Let aquvogAay Lasau LNQy “ag Lnou l66aq 1910 
OBl gaq0) Lasau 00089 You 1 uatT 0008 4otd aslo 
oll WaLSiIvdd OL ueene a JO ssauaaqwv yaddNey anay’T uadt dato pt sete 
Sit t = GaSN NOILISOd XW 1 aad sI aq tO t 
LLt t = YSINNOD NOILISOd s2du’ St udT StOnm Sto 
9Lt ELNdLNO HOS SSAUKGY ADTAAG aaaad *ZNon? I udT 4448 6013 6910 
ett LNdNI WOd SSINGGY ADTAAG 4GddQ NI’ sf aat dddd SF ket? 
ol 4addNd TVILINI LAdLNo indino 9 oa! ot Vd O€Z0 0004 
€Lt EndLNO OL Yaddfhd do Ssauddv 149 LULSay day? ; uat tuny 8270 1083 €S10 
ct SSauaqv NUNLad AAS NUNLaY “Layuy’ uLs uukay 9410 0056 1StoO 
OLL RESSH ERE RESESEREREERE * 
69t dN Las GNV 4ZIIVILINI * 
eat PPOTRERRE RE REDEC REE RS © 
99t zs 
cae 
£9L GUVOMATY WOUd VIVA LHdNI ft noa Viva 
Zot € aTAVINVA €t nog €ay 
9b @ ATAVIUVA zi nog ZAM 
WONGaYD aAOWRT Guvo gqg09 Loarao 301 
h qaovd LL/LZ/€0 6h 772Gb Faw OWALV 


es 


* 


PAGE 
CARDNUS 


03/21/77 


: 19322249 


TIME 


ATAC 
Loc 


CARD IMAGE 


OBJECT CODE 


FONOM LANG SAMZPNOEDHOSEAMSNCPOHOKNM SNOOP DHOKAVMFPNOEPDHOSENMS NC 
PEF EF ENNN ANNAN PM MM MMIMM SIS TSI SP STI NNNMN NM NM MOO OoOoow 
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